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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor device and a method for 
manufacturing the device, and also to provide a 
technique which can improve adhesion between a 
copper-based wiring and a barrier layer, suppress 
voids generated in the copper-based wiring, suppress 
diffusion of copper from the copper^based wiring, and 
suppress increase in the effective resistance of the 
copper-based wiring. 

SOLUTION: A barrier layer covering at least one of 
upper, lower and side surfaces of a Cu-embedded 
wiring 16A consists of two laminated barrier films of 
different materials, e.g. a first barrier film 14 of Si and 
a second barrier film 15 of Ta. An amorphous layer 18 
of Si and Ta as constituent elements is interposed 
between the first and second films 14 and 15. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner’s decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner’s decision 
of rejection] 

[Date of requesting appeal against examiner’s 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http:/ /wwwl .ipdl.jpo.goJp/PA1 /result/detail/main/wAAAa241 24DA41 1 340227P1 .htm 03/06/05 





this page blank (usm) 




(19)B4^ai^Wlf (JP) 



(A) 






1$M¥ll- 3402 27. 

(43mM0 ¥figll¥(1999)12^10a 



(51)Int.Cl.* 




F I 




HOIL 21/3205 




HOIL 21/88 


R 








5feit« ®*^®IS13 OL (^9M) 


(21)mi[IS^ 


4^S|JplO- 143348 


(71)ffiSBA 


000005223 


(22)HiSIH j 


5pfiglO¥(1998)5^250 




#^JII)^il|ii^rUtj3j^E±/^Bait’4TS IS 
Ip4t ^— 

»^JII®;i|lltr|5'P®E±>J%ffl(t’ 4 TS 1 S 
1^ »±a«fesc^ttrt 






(74)RSA 


#S± ffiS (^1^2«) 











(54) 

(57) CS*^] 

[SIS) m^m. 

.c ua»aa*)igai^ i e acd±t®<sv«!I 

^co'p^< 

W*‘e.5S:S-ocD>^tU-VJi> 09it«s i*^e>«:SlllcD 
>'^';-^JS 1 4SV9»J^«Ta*»i&55;5^2®^tU^® 1 
5 1 U •V'® 1 4 

■So 



xessf * ifi^i^^ssr^i-aiwiioiBfiffliiia 




11 :il&<»fi 

i3:JIISIiUiUl 

i3a:^ 

14 : #i®/t«; YJ* 

13 ; »2w/t>;'Vg 
16A : coaioi&AiSia 
17 : 

IB : 



1 



^MRum 2 ® n u 

m t ® ra {c ^^^■€’^^cD$^ J| 4 o e> S T^;i/ 7 

iHms im^bm^^timpsi^mmxmm^titz^oDx 
}b?>^t^^t-t^m^mi$dm<DH^mtmmo 
[if 3 ] m 1 •; ^mRz^m 2 u •vm<D^ti 

^timi3i:s,mn(Dmm^mifims:izmwc.'r^mm^miz 

■t^ t)®T*feS c: Sif«^ 1 ^VN{i 2 13« 

[if^:®4] mmmmmtm-t^ml(on'}^'m^m^ 

i:^ c: i: SiHp«i:-r 

5»«a 1 73rM 3 ®Mn*» 1 fstt®^?i»^g. .. 
[if^JBS] mrs^mm 

i. Ti. Zr. Hf ®5c«®-5i^^J>*;<i:^) 1115^® 
i:^ilfeSi:-rSif^]« 1 7hm4(Dntii^ 1 

[if*]® 6] 

M V ^;'S<Dm^^ma:m u* 

V ^ <fe ® T* $. ]S i: i: -r S if *® 1 TiM 5 ®Mn*» 

1 83tt®i|i#i*;^a, 

[if*® 7] 

>»^Uirjl*sTa^ Ru^ W, O s®^^®^ ^'i>5&:< i: 
^) 1 a«®^|g &^tf Cl i: SrltaSi: -r S »*® 1 ;75M 6 
®Mn*» 1 l3«®^#<*:^Mo 
[if*® 8] 

E.-z>, ^®^ 

1 V^mi^m2 (On U i:®H{i 

^JSS $ ix i) t: itSt bT d' $ V' Cl t & 
if^siit-sif*® 1 75M 5 ®Mn*^ 1 

a. 

[if*® 9] l0XH;^-&^fe3!p6.«;SB3i^i:St-S^2® 
>'tU-^a*STi. Y, Zr, Al. Si®^^®5-fe'i> 
*<i:^) l«5S®^^Sr^tfCii:5£#^Si:-r5if*®8 
I3@®^#«:^B. 

[if*® 1 0] «Sia®±H^X{iSI'&^*‘?>*:5iBi®® 
±TjBSyfffl!l®®'>* < i:^)-®?£S 54 ^®^ 1 ®M»; 
i'Ji® 1 ®>^t ij i: ]S e> *: -5 ^ 2 ® 

®>^^ 'J -Vjl i:^ 2 U -V® fc®^® fi^ 1 ®>>t 'J -V® 

®^J5Ktc^ 2 ®>»N* •; i'® ®«Jig^^*‘ e> * 5 

7 r;^® ^5feJE£^#SXgi:*s^*nT:feS C 
i: -r 5 

[®*®1 1] ^l®n'j-t^®i:^2®M';^®i;®^ 

® HH 1 (D>^ U 2 <r>n U •^®®^s£ 



) 1 1 -3 4 0 2 2 7 

2 

-3 2 ®>^^ U i'® ±na?X{±^^^*^ e. 35: 5E«I 

S x@*s^S nx 3fc S Cl i: i: f -5 »*® 
1 0f3«®^#i*:^a®M3i?7&c 
[»*® 1 2] i^ia®±HaiXttaf-&^*^^>:5;5i3i^® 

■vmRv^m 1 ® -V® i: 6 * 5 ^ 2 ® 

^ 2 ® u i"® ±naix(±ai^3&‘ e. 3& 5 Ei^3& j&jgg b 

XU 1 ®> 3 ii; -^® 2 ®>»t >; -V’ 

®t®#®{c^ 1 ®-3't';-V'®®MjgK^S^i:^2®>'tij-\=’ 

® ®^J 5 Rtc^*‘ e> :& i) XX;i /7 r X® •& 5 xg 

i:**^^nX35: S Cl i; Sd^?i<*:Sa®®5ii:35- 

[»*®13] Sgl®>3t';-\'®i:ll2®/N*';-^®i;®# 
® 1 ®n •; i^®®®J5E7na 2 ®;/^ >; -\^®®gjEK 

fe 35: S TX-;!/ 7 7’ ;^® $: -e- :& ^VMS®®f£ 

1 ®7t U -l'® tin 2 ®7t «; i^® iiissi® bX^^3Ec 

-^3&5feJ5Kf ?.taK(ilfc«< bXffiv^d i: 3£iKfSiCi:-rs® 
*® 1 0 73 S 1 2 ®l^n*» 1 83 ®®i}^«|c«:^g®®ig 7 EF 
SSo 

[^B^®P«a*U£?g] 

[0 0 0 1] 

[^B^®gf ®gSEM®#3^i; 

mRzFX:(Dmm:&mimi-?>o 
[0 0 0 2] ^^mi*^mm(DMf3^^m.mibifimmL 
o-ofe»3> eeox, E«iei)i®/h^n5®XN ^nn# 
■5i^— ^ffi^i^®®^□3t)S!®;fe$^^XV^5„ 

— bX> @KEII®^^3|s^nal5gV^(iffl-^^fflV^ 

[0 0 0 3] afl^#3i43&fflv^fcCl^:tljea 

bx> g'if.:5:E3Stfi(R^bXV'iS®X*x Cl 

[0 0 04] 

^(ommibt^m^. ttz. Ei^*i^) 0 . 3 c^mD jwt 
i: -r S Cl i; *sg*$ nx V^ 5 o 
[0 0 0 5] ^®J;o{lbfeS-&s '>-h^mifi 

iiJ!iD-rse®Ptas*seci5®x% e 

^ii5$&ii*t-^cii:5bstT3&fcnfc*s. mm-rfsmm 
®^isi®«*siifp{ieabxE)^M^p^*sii*u 0 

KliS^j*iK®<ST*5«K^$tt5i:ci]?,i:35;»j, ® 

^Ei®^m*fflfbbfc]©-&^ Ei^«»S?&a*stgjp 
^ h D v-f y b — 3 >{iea-r5Ei®»^®<gTt)^ 
;§:$i^XV^5o 

[0 0 0 6 ] HUI 3 »EgS$:^}if - 5 :^^ — 




( 3 ) 



3 

a >i^^t^)liSV^g?sRv^H:^^:&gai® 
tt^tt?> ^ ti)^m^i>ti. 3b*>fe e>HTV> 

Si:ii5t‘*sK Sfit^iEgSjbSM^bT 

v^5o 

[0 0 0 7] 

ifes*s^ miaUfcSST^ ^i*^^^^«i|s^*sfflV^^.^^S<t 
i^M^4o®■^^a:T;^5:^->A^c3&0^ m<bW^ 
[0 0 0 8] m^X. Wi^^b^4**iti<^ ^UT> mit<^ 

^ Cl i: i; 3fe -5 . 

[0 0 0 9] ^ 

*S*So 

[0 0 10] ^ci-cn 

3 3 9 2 7^52t^j ^ S#M) , 

[0 011] hci5*e> ^5S«3(s^*fflvvTea«B*:Bai^^ 

■r^ Cl®^-?>?L®j£^ffi!l 

-e®^. msRV'tt?L^{cJt«^tifc^^'fb 
(chemical mechanical 
poll s hi ng : CMP) 

•pTx mm^mmx7^^mmf-zztt^mj:t>tixt,^ 
S (S■#'i^-^^^ rproceedings of 8th 
Inf IIEEE VLSI Multileve 
1 Interconnect Conferenc 
e, p. 144, 1991jx S#M) . 

[0 0 12] 06^i^^3l5®ii^l5?£«?i^i■r5;^®xsi^t^l 
ti^£ s ?&^-r ® Si5to»rffiy0 0-e 5 . 

[0 0 1 3] 06 (A) #RS 
6 - ( 1 ) 

(0^-B-r) 

'y^>^m±B2^:ft-Lxmmm3^m^i-?>, m 
mmsa. mm^mmLK-o^^f-^^su^mrzncD 

X^?>o 

[0 0 14] 6- (2) 

3<DmUmSS.¥mSi^tcm (SRV^H:?L) 3A&B 
JER-f^o 

[0 0 1 5] 6- (3) 



<t^m¥ 1 1-340227 
4 

^ 3 AF«3t)^«)-C^® 'J •\'ii 8 Srfl^fiKI-So 
[0 0 1 6] 06 CB) 0m 

6- (4) 

y -^Jg 8 b 

Tgl3A&S«>5. 

[0 0 17 ] 6 - ( 6 ) 

*®*‘e>WiJSff3S:-oT. ite^/i3 7!)S^ai$nfcl^^T* 
f?± U e> >&: 5 E)® 7 „ 

[0 0 18] ^i3bfci:ci;5*»?>iae.*‘-ess*J, >>^1) 
■¥att^ h®^ (sav^ttjL) (D^izmM^m 

[0 0 19] 

mmmii§t^Bm<Dm^b<^mmBts. 

«®xigT:*a>5?«ijiS:i!j<& 
i^i®e/M'J-\'S®l^®^ iKvMi, 

V -^)i®i^® tl^i$^^TPJ(® bsvN g®F^a*sfe 

So 

[0 0 2 0] Sfc, 

h* g® Fr3® %) S o 

[0 0 2 1] Mts g^^b^i^i^«Stf^lREi®t^i|s^®M 

®^^t®SJS?fefhb-c> ^**^tiji^e?£t£mbTil(b 

V'. e® F^M*s$. S o 

[0 0 2 2] '>V::j>. ^^®3tc 

'>Ui3>^ ^g®35c-^x 

7 - >, ^^® 3 

;i/7 T A«iiH35: s Cl e>n-r b» 

X. zti^y’(o^Buntvxmi'‘tzm-^izii^ 

•j -v^i: b-ctt«janf^ffl-r5*s^ 
Ei^®^«!iaiJni&±#$-&T L^^zt. <2)TXJuyr 

40 SCli:, 0)TA^^ 

Jf®ft«?0«)FrgStffeSo 
[0 0 2 3] 

[^B^As^gtibAdfc-rsais] mmmut-fiv^'Bt 

b^ ^lSEi^*‘e>®^®ll^:^*«I©Jb^ mmmmizt^ti- 
^msbm,tfL(D±m^^M-r?>i$ms:mmLj:-5t-t^o 
[0024] 

[®a*8?g^i-5fe®®#@] Ei^®±T 

50 mRvmM(D'j>:&< ti)—m^my^^’j^B^—mmco 




( 4 ) 



5 

^(D=.mm<Dunm(D 

^E $ ^ 5 C i: * -3 T V ^ S . 

[0 0 2 51 01 {±3fc^B^O®S$:^i5i-rS3&®Xgi^ 

4j t 0T* fe .S . 

[0 0 2 61 01 (A) 

1- (1) 

(0S"s-B-T) I ^ 

mmsti. gBi®5fei^®ba.o3t^t■rs^gfo^*fct-^l® 

[0027ll-(2) 

Sei^®3®iEr^®JgfiE^^^^i5:9•fc« (sKVAtt?L) 3A<£Ji^ 
J5g-rs. 

[0 0 2 81 1 - (3) 

m 3 Art 1 <D^ •; -vm 2 ®>t •; 

[00291 01 (B) 

1- (4) 

ISti!Q«S:lT«:oT^ ^ 2 ®>^n'U-V® 5 1 ® 

U -Vm 4 i:®rat^ 2 ® A y -\^» 5 •S$f3f4i; 

[0 0 3 01 1 - (5) 

^ 2 ®M U^® 

JI^J5EbT«3 A&S»5o 
[0 0 3 11 1- (6) 

[003 21 HUia® J: a tC 

fcs ga;^7 i:i^® 3 y ^ * 

fe, 311/^ hnv-f '>3>jtftt^)l^v^„ 

[0 0 3 31 C®Ei^«ji{3m'T. Mii:® 3 

mcDinma. ^ 2 ® j’t u -v® 5 an 1 ®>>t u -y® 4 h® 

#at:i£5T^;i/7 rx® 6 {c-BcoTWHh^ti-So 
[0 0 3 41 -list. Ay^®i:bT^i^gS3i4®^fflV^ 

r V^ S *Sx <5 2 ®/^ U -^® 5 RV^f^ 1 ®>^t u -1^® 4 

i:**t^iig®iaT-«j5e$nfci:bT4)s m2<D^^v^m5 40 

1 ®^t •; -V® 4 ®ffiSll5fcfc^oT^fig$nfeT 
^;i/7 r;^® 6 {C'BcoT®®tet!c*sjpjl:$*vS„ 

[0 0 3 51 7^;i/7r;^®6{±. 

2 ®>»^ U -V'® 5 1 ®>^^ U ir® 4 ® a®fflS 

^^TV^T> -e®®^ttlSl®«®S«jRU'^aK«c^TSiJ 
3 A rtT*^ 1 ®>^t IJ -\^® 4 2 (D/^ U ir® 5 b 



#li¥ 1 1-340227 
6 

[0 0 3 61 t.fz. ^i(D/^')'vm4(DUUtiyX^ m 

#®i66^®i^ig® 3 ^ 

Lxm 1 ®n u i^® 4 
i^i^® 3 1 ®>»t i; -\^® 4 

[0 0 3 71 MC. H2®/N*';i?S5®«3(4i:bTs ® 

t b*; s :i i: Tn 

^ 2 ®ny -\-® 5 SSE)^7 ®Sin;±#^ttiiI:f 
10 S:ii:*s-Cg, ^bT. ^2®/^U-V®5®;^J5K^|^*5 
a?i:-^^^fiKbx fio, 1 ®^i 

y ■^® 4 2 ®7t y -\^® 5 fc®®K:^J5g$tiS-^® 

^BK^^;V=^lCj±i®^bT/jN$ <t* Ei^7®fi 
lTL±#^«l$fJb^o, mU7 il<D0.»t3ii^ 

[0 0 3 81 Hul3bfci:c:53b^'S>> 
V^®Siig*^t^$v^T tt. 

(1) («?!l;lKCu«46iifl5(‘ 

Ei^ 1 6 A) <D±xmRxj^mm(0'pi3i < t t»-sss^ . 
20 >^t y -V'® ^ ^ ^ 1 ®/^ y -V'® 
(«?!l^liS i *»?>>& 5^ l®yty-\^®l 4) RV^2(D 
>'^yi'® (^j^«Ta*»e>5&s^2®>^^y-\r® 1 5) ® 

^®^i®>>ty-v^®i;^2® 
-'t y ir® ® ® tc -€^^^^^^®t^3fs^® ®fig7c^*> e> * S T 
^;i/7r7;® (^fil^KS i -TaT^^;i/7r:^® l 8) 

5 :i i: 

[0 0 3 91 (2) huI3 (1) icm^x. 

rama® i 0, *‘e.:&-5®a^iB® 1 3) f 

30 i^m^ti:ti>(DX$>^:iii^^^t.-t?>i}^^ y.ft^ - 

[0 0 4 01 (3) mm (1) ^v%{± (2) izm^x. 

m 1 (Dj^ y ^'mRvm 2 ®^t y ^rm<D^ti^tim'^?>ti 

i><ox% 

5 d i: i: f -5 3b»s 

[0 0 4 11 (4) mil3 (1) ;^M (3) ®Mn3!Plt: 

i^VNTs ®F^i^i^®i:gE-rsi|l®/ty-v®^®j5X-r5 

bV^*‘iRv^{i:rt# v> c i: S 

*»> X^4^ 

[0 0 4 21 (5) B(Ft3 (1) (4) ®MtV*^lC 

®H^ig®i:gel-^^l®>'^y-V®*sSi, T 
i^ Zr. Kf(D^m(D^t>'J>i3i<i:i>imm<D^m^ 

Xli> 

[0 0 4 31 ( 6 ) ml3 ( 1 ) ( 5 ) ®Mn5&» 1 1: 

^XH:a^^/?pe.55:SEi^i:gEl-5^2®y^y 

i'® ®ttJ5K7C^B:a? b JB: V^ t. 

®-^*SC:i;&iHfaSi:t'-S*», Xtt. 

[0 0 4 41 (7) B5g3 (1) 75S (6) ®Mtv*‘lfc 
fi^v'iT^ ^x{i^^*‘e>3&5Ei^h^-r-5^2®ny 
50 i;'®*5Ta^ Rux W^ O s®75^®d < i:t) 1 




( 5 ) 



7 

[0 045] (8) 8513 (1) :T5S (5) CD^gniPl t 
^^V^T^ S^2CD/^'; 

B.O, 

1 'j-\'mtm2 a^n u -\'ji tcD^tc^Bg 

bT/jN$V';r fc^iHfggc 

i:-r55b». 

[0 046] (9) buI 3 (8) tfi^VNTs 
3b»e>*Si2i^i:JSf 5^2®yti;-v**sT i. Y> Z 
p. Al. S l«5i07c|g^ 10 

Xfi. 

[0 0 4 7] (1 0) ijffi^jg (^aj^tJfS iO, 

3) ±{c^XH;^^*^fe*;-S62*l mx 
KCua«>ii*^Ei^l 6 A) 0±T@SU'ffl!l®®'J>* < 

6 J& S m 2 ® n U -V® (fi?y iUf T a *» e> & S ^ 2 
®/ty^®15) SIRt3«®-r5xgi:, nwoa^ffjfc 
■qT^ 1 ®y^ U i'S 2 ®y t «; i'S it®|^®K:^ l ® 

M U -\^® ®8lfiK7C^ 2 ®n U i'»®«J5E^^*‘ e> «: 

-57‘^;U7tX® (^?S^KS i-Ta7'"E;b7TX® 1 

Xttx 

[0 0 4 8] ( 1 1 ) mitB ( 1 0 ) {c^§•l^■r^ ^ 1 ®>»^ 

U -V® 2 ®>>t u -V® i:®^® {cm ®>>t •; ©:® 

2 ®/^ U -V® e> * S T 

X® &5feJ5®S-S5IS{«LS£ff fc^tc^ 2 ®>»l'J •\'® 
±{c^X(i^^*^ e> >5: S -S xg*s^S tv 

T)S:5c;i:?&!!t®ti:■rsiP^ Xttx 

[0 049] (12) i^^®±{cJ0X{ii0^*>e.*:-S 30 
mm(D±rmRvmm<o'pf3L < i 

®>»^ U i'® svm 1 ®/t y -V® i: l±s^ ^ s 

m 2 ®>»t y i^® 5&M{ca® t-'Sxgi;, m2(DJ^ y ^® 

±{C^XI±^^*^ 6> * S b fc^{c#Mi!ia§ 

ff 1 ®>>^ y -^® iiH 2 ®.^t y i'® t®#® {C^ 

1 <On y -¥®®:®fig^^i:^ 2 <Dn y ir® ®:®J5g^^** 
e> «t 5 r 7 r X® & S xg i: tvx Jfe 

X{±> 

[0 05 0] (1 3) 8513 (1 0) (1 2) ®®n 

*»l{C8$V'>Ts ^l®>'^y-\=’®i'^2®y^yi'®i;®|f 40 

7c^*‘ e> s: 5 7 T X® s fSiiEra ® jas 

ifim 1 <D/^ v^mt.m2 ®/^ y i^® t sis 

^S^jEK1-SSfi{clt® bT®v^d i: 

[0 0 5 1] ®g3#IS^Sgofei^i^;®ii{c«tvl^^ aiJS 

T'fey. 

®^{«LS«rfT’5:oXt)^>f K®#6^{i*:<. ®{c, mm 
e> ®® ®i£tSE{i>'^ y -Y® {cB^Jt S Tx;i/7 T X® 
®#^{c^CcoT^iif{c#lJ$iJ$tv. b*‘^)^ /'cy-V'S®# 50 



1^PB¥ 1 1-340227 
8 

a{Cj@H bTSlJKEii®{cfi${t 5llS&®tn;*s±#t- S J; o 

hb-T’-f i/3>W{t<fe, 

^^^{ciisv^o 
[0 0 5 2] 

0 2 75^0 5 tt;^#B5S{cfi^{ts- 
HJ£® i» wr S IS® xus^ (C8$ (t 5 

&a•rs^ie^»f(lI®0xfey^ wTs citv^®0&#f^ 
booiJi58-r.S. 

[0 0 5 3] 02 (A) #H3 
2- (1) 

S i (0jj^-e-r) ±(C8»J 

(c h e m i c a 1 va p o r d e p o s i t i o 
n : CVD) bT)Kfig$nfcff$*s«»Ji{f 

1 c>um) ®sio, i{cMu 0d^us 

CVDffiS®ffl-rSCli:{C«cy. ®$*S5 0 Cnm) ® 
SiNi)»e.)fe?)ai';;^>i^^?±gl 2. ff$*s6 0 0 
Cnm) ®SiO, *»?>)& SgP^Sftig® 1 

So 

[0 0 5 4] ®®i^^® 1 3 J: bX^i^ S i O. ® 

20 flfa{c FSG (fluorine doped sili 
cate grass) v HSQ (hydrogen 
silsesquioxane) v FSQ (fluor 
o silsesquioxane) ® iT®ffi^g^® 

[0 0 5 5] 02 (B) 

2- (2) 

yy^^v7-fttje{cfi${tsbs^xh • yti-kT.. Mv 
{c, r^Xv • ai^;^>i/-®^®ffi-rsc:i:{C'fi!c?)^ S 
iO, *‘?>?£i.®^SS®Ml 3{c5^{t5gBiiyi5fig^^g|5 
^CDx.s;^>X^ff^-oTgaPliW*S0 . 3 C/^m) ® 
« (^V^Ii:?L) 1 3A5fe)^^-r5. 

[0 0 5 6] i®X^Xv • 

S i:ife®3i y X$. S . 

• 3i'y5=-bX^S 

X^X^®«^: 13. 5 6 CMHz) 

/■?y— : 1 . 2 CkW) 
m^m : 1 0 CmTo r r ) 

• :«'X : C, F, StlfH, ®®-&7Jx 
: 4 0 C s c c m) 

[0 0 5 7] 03 (A) 

3- (1) 

^i3Artt. 

^»T^®{cpjf*5^2 0 Cnm) ®f5-i^SS 

^ 1 (on y -\^® 1 4 So m 1 (o/^ y ^e i 

4{±^ yx;i/7rxs i®Xfe•^T^)MV^. 

[0 0 5 8] Cl®XvXvCVD&ff&ofc(^®±S;5: 
7^— ^ S0!i8^-r s i:i>:®a y T*fe So 
: 3 5 0 C*C) 

V— X • tlx : xy bvb (S i H, ) 
iiKS : 1 Cccm) 




( 6 ) 

9 

S.iJ : 1 0 0 CmT o r r) 

: 3 0 CWD 

mmmm: 5 cnmD /20 

[0 0 5 9] 03 (B) 

3- (2) 

'f ^->1/ • 7 "' 7 Xv (ionized meta 

1 plasma : IMP) 

4±®^Htrp$3!)S4 0 Cnm) T*tfc 
ffiia3bsi5 0 Cx/ficm) ®Ta*‘e.35:S^2®>>VJ-^. 

® 1 5 10 

[0 0 6 0] ::®^x>(b;><^;i/ • 

s i:ife®a y xfe s. 

6 CkW) ~8 CkW) 

*«^aK : 3 0 0 C'Cl 

[0 0 6 1] mfiB'fXWb^^;!' • x^xva&llJS-r 
Sfcx mvJIfimo. 3 C/zm) X gg$5!)S0. 6 C/zm) 
®^13Artx IE®K:{±x »iW7bsg|l®ytiJ-\^JSl 4® 
»$^?|V^fcO, 3 C/zm) -2 0x2 Cnm) \ 
*s^l®>>^yi'igl 4®^$<£i|V^fc0. 6 C/zm) - 20 

2 0 Cnm) 3 ArttiS— {Cff$4 0 Cn 

m) ®Ta*‘e>:&Sll2®>'t»;ira 1 5 

[0 0 6 2] Klx ;g{cxx^^5^ 

II 2 ®/ry -Vjg 1 5 «rff$j5g-r 5 C H: c V D v> fc:)? 

[0 0 6 3] 04 (A) 

4- (1) 

®3(4SCu (hfac) VTMSx TflfeS*&2 0 0 
C°C3 i:bXCVD^^jgffl-r5Ci:{Ctt»3x H2®7^ 30 
y-^® 1 5±lzff$5 0 Cnm) ®Cui»‘e)5&sai®ji 
^mie >:®s®ji3!^ji lett. »nz 

cu<Dmtt>}2.^m i6^m< mm-r?>i^<D 
mt^?>mx$>?>o i^x ;iiiT-x cu (hfac) vt 

MSi^x rcopper from Ilexa^luo 
r o a^c e t y l^c e t o na t o popper 
(1) Xi II y IjLr i me t h y l^i 1 a n 
ej X TfeSo 
[0 0 6 4] 4- (2) 

1. 5 C/zm) t^i><t-5{3Cu®S®jio^^JP 1 6 

mi 3A(i^^t«*5i:ttfc±B 
t:S-:>TB§ipai:*?)o 

[0 0 6 5] 

H§|-r Sr^O^fS i:«?®a y T-feS. 

eSi^Cu : 7 6 Ce/ID 
15K^: 1 8 0 Cg/ID 

: 5 0 Cmg/1) 

: 5 Cm 1/1) 

[0 0 6 6] 04 (B) 0m 50 



1 1-340227 

10 

4- (3) 

cMPS^Mffl-rsdttc^cyx cumti)j2,^mi 6 (d 
^®*‘e>W^5£fT*oTx ^1 3 A®^1xt0t*g^a 1 3 
**mta $ ixfc ® s . 

[0 0 6 7] :i®W®K:{ix D7^-;i/ttS^®;^ip®X7 
KSrfflVAx W^E*{±5 0PSIx *fcx 
WBj^Ji5 0 0 Cnm/:9-) fcUfco 
[0 0 6 8] Ciitr^-QXx 1 6x m2 

(D^^IJ^JSIS, mi ®>'’?y-\'® 1 4fi«l 3 AF^Cffi 

[0 0 6 9] 05#fi^ 

5 - (1) 

xvxvcvD^s^jgffi-rsirfctc^Ryx 

5 0 Cnm) XfeS S iNi^&*S*>'t-Ml 7&)BfiE 

fS. 

[0 0 7 0] 5- (2) --S 

*B+BB®^H^'PK:^^V^Tx ®K^4 0 0 CX) ~ 
45 0 C*C) i:U I^H3 0 C^) H®«^ISlilBiSS:ff 
Ife-po .. 

[0 0 7 1] c:®?St«!!SH:x iaK*iS i fcTaa®@ffl 

stsss®Ti©<t y ^»+^fc(£v^:;&x m i ®>^t y i 

4i:l|2®^^y')TJSl 5i:®#a{c:ttx Si-TaXX 
;i/7rxjgl 8 7bi^J5g$tVx ^®ff$J±> Hufa^Miaife 
(4=®TX*6 Cnm) Xfeofco 
[0 0 7 2] ;$;^B^T*jix 

!^pFmm(DmmizsBm^tirzm{‘i^^mm-r^ c: i:& < x 

[0 0 7 3] ^J^«x ^1 3A^a®:5Cu®a»ii«^»^ 
SI 

*ix ci®flblrx D>x • xp— • y 

at-S^i;l3«cyx CuB^P^l C/zm) 
u c:n&7k«#ffl^4’T*IM!!a-r-5Cii:t^'K<yx Cu 
3 AF*3{c:y XD— 

yx ^l®7ty-v«l 4i:»27ty-)7Bl 53bss ii:T 
a®Sfi«*n-&t>-&XfeS®^x y XD— Kf®®S*i 5 0 0 
C-C) WTT*^n«x IB«a^ig®1$14tM^.®S^#^ 

[0 0 7 4] Sfex XX^;i/X7XP 1 
®ISy!aaB:x mjf3IIJfi®)i^®XH:x *«$^Sv5(taxgi: u 
rnmiyfcifi. cinttx «bj^«x xg3- (2) tur 
mm vtzm 2 ®/'c y 1 5 ®)gfigis^x x® 4 - 
(2) tiyrmmytzCuMis(>j2<^mi 6^m<mmiy 
fcifi^x x®4- (3) XCuafejia^^^ei 6^5JfBC 
rcumtb'jK^wMii 6A^mmvtzmmt3:if. an® 

[0 0 7 5] 

^{cfi^v^Tttx ^Xtt^^3b‘e)J5;-5Ei^®±TBStf 

(M®®iJ>^ < i: ‘fe— y -vsiis-en^n^jS:^ 




( 7 ) 



1 1-340 2 2 7 

12 



11 

yrT.mifi-ft-tE't^o S. 

[0 0 7 63 . [053 

&fT?5:.oTt4^'f H®%^^^*<^ M^c:^ [06 3 t2^®tttffS»i!i1-S:^®Xie^cf>{c:&5#^ 

w„T.ii?^gsjaf^fi$Jtsiti5!i«tni*s±#i-Scta*Fp3s* , 1 1 mmm 

hDV>i’^^Ix'-'>3>WS4)3(E^(c:^ 12 

V^^ 13 

, [0S®ffi#&i5iB^3 13A ^ 

[0 1 3 *^?0®®S?fei?Bt-5^®xg3tPtj{C4£S^ g|i 

#i*:«B^S-ri5g|5W»rfi!l®0-efeS. iW • 

[02 3 Slifi®}B®S:BBa'rsi&®X r6 ' CuCDSftji*^® 

S. 1 * 7 " M ■ 

[03 3 |ISS®Ji^^&BWt--5:^®x 20 18 T^J^yT^m ' ' 

gsm KJ$lt 5 i|i3l«:SB & ® Si5«Ji!Pfffl!l®0-C* $. 

[013 [0 2 3 




t : T*I6»« 4 : ff i<o/«j -YS 

2 ; 5 : S20/<'J 'frSi 

3 : ISM® 6:r^>V77:^JS 

3A : i# 7 : Gia 




ii:«il»JS 

12 : x.y^>y^iJ8 

i3:8K«»JB 

i3a:8I 





II :«6»e 

i2:x.vf->ir»iScM 
13 : 

13 A : 6 ^ 

m: 

is: 

16>A : coaa(>j&^BEiii 

17 : R 

18 : r«/i' 7 T^Ji 



C 

1 : 

2 : 

3 IISI 9 R 

3 a:« 

7: BSR 

8 : /ty-vR 





